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© Power conversion device and semiconductor module suitable for use in the device. 



© An Inverter device Includes plural modules (Mil, 
M12, M21, M22. M31, M32). each module being 
formed by a series circuit having a parallel circuit of 
a first switching device (S11) and a first diode (D11), 



and a parallel circuit of a second switching device 
(S12) and a second diode (D12), allowing a reduced 
size, high reliability, high frequency switching and 
low noise. 
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BACKGROUND OF THE INVENTION 

This invention relates to a power conversion 
device and a semiconductor module suited for re- 
duction of power loss caused by noise, size reduc- 
tion, high-frequency switching, lower noise, and 
improved reliability of a three-level inverter device. 

In a drive control unit for a motor for vehicles, 
an inverter device is used which can change the 
frequency of power supply in order to control the 
number of revolutions of an a.c. motor. It has been 
hitherto common that a minimum unit of inverter 
device is composed of two switching devices con- 
nected in series, which are turned on and off al- 
ternately. Instead of the two-level inverter device, 
attention has recently been focused on a three- 
level inverter device (also called a neutral-point 
clamping voltage type inverter), a minimum unit of 
which comprises four switching devices connected 
in series (27th Railway Cybernetics Application 
Symposium, 1990, pp.198-202). The reason is con- 
sidered that an output voltage waveform of the 
three-level inverter device has an intermediate po- 
tential point out of a high potential point P and a 
low potential point N to thereby have a smoothly 
stepping three-level thereof, so that it has advan- 
tages in that low-order harmonics, torque pulsation 
and noise level can be reduced, in comparison with 
the conventional two-level inverter device only hav- 
ing a high potential point P and a low potential 
point N. 

However, compared with the two-level Inverter 
device, the three-level inverter device additionally 
requires twice greater number of switching devices 
and clamping diodes as many as the number of 
arms of the inverter device, so that the inverter 
device becomes larger in size and increasing heat 
loss in the devices, which causes a problem. The 
increase of the heat loss causes to require a large- 
size cooling apparatus and a system in which the 
inverter device is used becomes large, which 
causes another problem. These problems have 
caused obstruction a widespread use of the three- 
level inverter devices. 

In addition to the above problems, in case of 
the three-level inverter device, the use of many 
devices means that the length of wiring is longer, 
the wiring inductance is greater, voltage noise is 
targe, the voltage noise being generated by the 
wiring inductance and a current change di/dt at the 
time of switching the switching devices, so that 
requiring the dielectric strength of the switching 
devices has found by the present inventors. How- 
ever, increasing the dielectric strength of the 
switching devices decreases the output current 
density of the devices, with the result that devices 
having a larger chip area are required, so that the 
efforts toward the size reduction of the inverter 



device cannot be achieved. 

SUMMARY OF THE INVENTION 

5 It is therefore an object of the present invention 
to provide a power conversion device and a semi- 
conductor module suitable for use in the device 
which has solved the above-mentioned problems. 
Another object of the present invention is to 

10 provide a power conversion device and a semicon- 
ductor module suitable for use in the device featur- 
ing the reduced size, high frequency switching, low 
noise, and high reliability. 

According to an aspect of the inverter device of 

is the present invention, the inverter device com- 
prises: a pair of d.c. terminals; a node having an 
intermediate potential between the potential of the 
pair of d.c. terminals; a.c. terminals as many as the 
number of phases of ax. output; a plurality of arms 

20 connected between each d.c. terminal and each 
a.c. terminal, and comprising two parallel circuits 
connected in series with a switching device and a 
diode opposite polarity to the switching device; 
diodes connected between the two parallel circuits 

26 of each arm, and the node having an intermediate 
potential between the potential of the pair of the 
d.c. terminals, wherein each ami is comprised of a 
single module. 

According to another aspect of the inverter 

30 device of the present invention, there is a point that 
lifetime of one of the switching device and diode 
on the d.c. terminal side are made different from 
that of one of the switching device and the diode 
on the a.c. terminal side. More specifically, the 

35 lifetime of the diode on the d.c. terminal side is 
made shorter than that of the diode on the a.c 
terminal side, in case of the inverter device having 
a regenerative mode, the lifetime of the switching 
device on d.c. terminal side is made substantially 

40 equal to that of the switching device on the d.c. 
terminal side, in case of the inverter device without 
having a regenerative mode, the lifetime of the 
switching device on the d.c. terminal side is made 
shorter than that of the switching device on the a.c. 

45 terminal side. 

The switching device includes insulated gate 
bipolar transistor (IGBT), bipolar transistor, power 
MOS transistor, gate turn-off thyristor and electro- 
static induction thyristor, but the IGBT is most 

so desirable. 

In another aspect of the semiconductor module 
according to the present invention, the module 
comprises: a metal substrate; a plurality of switch- 
ing device chips each having a pair of principal 

55 surfaces, one main electrode being disposed on 
one principal surface and the other main electrode 
and a control electrode being disposed on the 
other principal surface, and disposed on the metal 
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substrate through a buffer plate having a thermal 
expansion coefficient close to that of a semicon- 
ductor by opposing the one principal surface to 
the metal substrate; at least a diode chip having a 
pair of principal surfaces, one main electrode being 
disposed on one principal surface and the other 
main electrode being disposed on the other princi- 
pal surface, and disposed on the metal substrate 
through a buffer plate having a thermal expansion 
coefficient close to that of a semiconductor; a first 
electrode plate disposed on the metal substrate 
through an insulating plate, and extending along all 
switching device chips and diode chips; a second 
electrode plate disposed on the metal substrate 
through an insulating plate, separated from the first 
electrode plate, and extending along ail switching 
device chips; first connecting conductor connecting 
the other main electrode of the switching device 
chip and diode with the first electrode plate; sec- 
ond connecting conductor connecting the control 
electrode of the switching device chip with the 
second electrode plate; a first extension terminal 
disposed on the metal substrate and extending in a 
direction substantially of right angle from the metal 
substrate; a second extension terminal extending in 
a direction substantially of right angle from the first 
electrode plate disposed on a portion close to the 
diode chip on the first electrode plate; and a third 
extension terminal extending in a direction substan- 
tially of right angle from the metal substrate dis- 
posed on the second electrode plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a circuit diagram showing an embodi- 
ment of a three-level inverter device of the 
present invention; 

Rgs. 2A and 2B are schematic circuits diagram 
for explaining the operation and effect of the 
three-level inverter device in Fig. 1; 
Rgs. 3A and 3B are schematic circuits diagram 
showing a modification of the three-level inverter 
device in Rg, 1; 

Rgs. 4A, 4B, 4C and 4D show a plan view, a 
sectional view taken along the line IVB-IVB of 
Rg, 4A, an external view and an equivalent 
circuit of an embodiment of the IGBT for use in 
the inverter device according to the present 
invention; 

Rgs. 5A, 5B and 5C show a plan view, an 
external view and an equivalent circuit of an- 
other embodiment of the IGBT for use in the 
inverter device according to the present inven- 
tion; 

Rgs. 6A and 6B are circular graphs showing 
losses of the IGBT in the three-level inverter 
device; 



Rgs. 7A, 7B and 7C are circular graphs showing 
losses of the diode in the three-level Inverter 
device; 

Rg. 8 is a sectional view showing an IGBT 
s suitable for use In the inverter device according 
to the present invention; 

Rg. 9 is a sectional view showing a diode suit- 
able for use in the inverter device according to 
the present invention; 
ro Rg. 10 is a schematic plan view showing an 
embodiment of a semiconductor module of the 
present invention; 

Rg. 11 is a schematic sectional view taken 
along the line XI-XI of Rg. 10; 

rs Rg. 12 is a schematic sectional view taken 
along the line XH-Xil of Rg. 10; 
Rgs. 13A and 13B are equivalent circuits of the 
semiconductor module in Rg. 10 and its ex- 
planatory diagram; 

20 Rg. 14 is a schematic sectional view corre- 
sponding to Rg. 11 showing the state of use of 
the semiconductor module of the present inven- 
tion; 

Rg. 15 is a schematic plan view showing an- 
25 other embodiment of the semiconductor module 
of the present invention; 

Rg. 16 is an equivalent circuit diagram of the 

semiconductor module in Rg. 15; 

Rg. 17 is a schematic plan view showing yet 

30 another embodiment of the semiconductor mod- 
ule of the present invention; 
Rg. 18 is a schematic plan view showing a 
different embodiment of the semiconductor 
module of the present invention; and 

35 Rg. 19 is a circuit diagram showing a three-level 
inverter device using a semiconductor module of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
40 MENTS 

Embodiments of the present invention are de- 
scribed with reference to the accompanying draw- 
ings. 

4$ Rg. 1 is a circuit diagram showing an embodi- 
ment of an inverter device according to the present 
invention. In Rg. 1, reference code E denotes a 
d.c. power source, T1 and T2 denote first and 
second d.c. terminals connected respectively to a 

so high potential side and a low potential side of the 
d.c. power source E, C1 and C2 denote capacitors, 
connected in series between the first and second 
terminals, for providing a third d.c. terminal T3 at 
an intermediate potential between the potentials of 

55 the first and second d.c. terminals, and T4, T5 and 
T6 denote a.c. terminals each end of which is 
connected to a motor. In between the first and 
second d.c. terminals, a series circuit including 



5 



EP 0 533 158 A2 



6 



switching devices S11, S12, S13 and S14, a series 
circuit including switching devices S21, $22, S23 
and $24, and a series circuit including switching 
devices $31, S32, S33 and S34 are connected 
therebetween. Diodes D11, D12, D13. D14, D21, 
D22, D23, D24, D31, D32, D33 and D34 are con- 
nected with each switching device so that these 
diodes are opposite conducting direction to those 
of the switching devices. The mid-nodes of the 
respective series circuits of the switching devices 
are connected to the other ends of the a.c termi- 
nals T4, T5 and T6. Three pairs of clamping diodes 
Dc11 and 0c12, Dc21 and Dc22, and Dc31 and 
Dc32 respectively connecting in series, are con- 
nected respectively between the node of the 
switching devices S11, S12 and the node of the 
switching devices S13, S14, between the node of 
the switching devices S21. S22 and the node of the 
switching devices S23, S24, and between the node 
of the switching devices S31, S32 and the node of 
the switching devices S33, S34 so that their con- 
ducting directions opposite to those of the switch- 
ing devices. Each node of the clamping diodes is 
connected with the third d.c. terminal T3. In this 
embodiment, as indicated by dotted lines, the 
switching devices S11 and S12 respectively con- 
nected in parallel with the diodes D11 and D12 in 
the opposite conductive direction are comprised of 
a single module M11, the switching devices 13 and 
14 respectively connected in parallel with the di- 
odes D13 and D14 in the opposite conductive 
direction are comprised of a single module M12. 
Similarly, the switching devices S21 and S22 re- 
spectively connected in parallel with the diodes 
D21 and D22 in the opposite conductive direction 
are comprised of a module M21, the switching 
devices $23 and S24 respectively connected In 
parallel with the diodes D23 and D24 are com- 
prised of a module M22. the switching devices S31 
and $32 respectively connected in parallel with the 
diodes D31 and D32 are comprised of a module 
M31, and the switching devices S33 and $34 re- 
spectively connected in parallel with the diodes 
D33 are comprised of a module M32. 

In this embodiment. IGBTs are used for the 
switching devices. Instead of the IGBTs, it is possi- 
ble to use bipolar transistors, power MOS transis- 
tors, gate turn-off thyristors, or static induction 
thyristors. 

By using a three-level inverter device thus 
structured, the following effects can be expected. 
That is, by respectively connecting the first and 
second diodes D1 1 and D12 to the first and second 
switching devices $11 and S12 in parallel with the 
opposite conductive direction, in other words, by 
having the single module M11 comprised of one of 
the arm portion of the inverter device, the wiring 
length can be short, making small inductance. This 



will be described with reference to Figs. 2A and 
2B. Figs. 2A and 2B show circuit diagrams in which 
Fig. 2A shows that the single module M11 com- 
prises the diodes D11 and D12 respectively con- 

s nected in parallel with the switching devices S11 
and S12 in the opposite conductive direction, and 
Rg. 2B shows that respective devices are con- 
nected each other without composing module. Ref- 
erence numerals L11, L12. L13. L14, L15 and L16 

w denote wiring inductances. As is clear from com- 
paring with the two cases, by forming the circuit 
into a module, the inductances Li 2 and L13 
present between the parallel circuit having the 
switching device S11 and the diode D11, and the 

75 parallel circuit having the switching device S12 and 
the diode D12 are, very small (less than one-tenth). 
Decreasing the wiring inductance offers three fol- 
lowing advantages. The first advantage is that volt- 
age variation (less than one-tenth) caused by a 

20 current change di/dt in switching and inductance 
can be small, the dielectric strength of the switch- 
ing device and the diode can be decreased, the 
output current density of the switching device and 
the diode can be increased (more than 30%), so 

25 that the inverter device can be achieved with small- 
er size. Since an inverter device used for a vehicle 
is installed under the floor thereof, its installation 
area is limited, however, the three-level inverter 
device can be achieved with small in accordance 

30 with the first advantage described above, also can 
be reduced in weight and power consumption. The 
second advantage is that the switching speed of 
the switching devices is operated by a high fre- 
quency, thereby eliminating low portion of the 

35 audio frequency and achieving noise reduction. Es- 
pecially, noise Is a vexing problem in case of the 
underground, suburban and rapid-transit railways. 
However, by increasing di/dt the switching opera- 
tion can be operated by the high frequency, so that 

40 the noise produced by the running train can be 
remarkably reduced. The third advantage is that 
voltage noise is decreased, so that firing error of 
the switching device can be eliminated, so 
achieved with high reliability of the switching op- 

46 eration. The advantage is particularly effective to 
the inverter device used for the train of the public 
transportation system for obtaining reliability and 
safety. 

When IGBTs are used for the switching device, 
$o the following additional advantage can be obtained. 
That is, in the case of a three-level inverter device, 
since the switching devices S11. S12, S13 and S14 
have different potential for each, it is required a 
high voltage insulated transformer in case of using 
55 the trolley voltage of 1500 volt or more for use in 
the train. If a current-driven type device is used for 
the switching device, because it is necessary to 
supply a large amount of control power, disadvan- 
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tage causes so that the control circuit is com- 
plicated. However, by using an IGBT controlled by 
a voltage of a small electric power, the power is 
readily supplied with different potentials, making 
the inverter device small. These are power MOS 
transistors besides the IGBTs as voltage-controlled 
device. However, in the application where the trol- 
ley voltage of 1500 volt is used for a vehicle, the 
power loss is incurred of several 10 times greater 
than IGBT, so that the size reduction cannot be 
achieved. 

The embodiment can be modified as described 
in the following. A first modification is that a damp- 
ing diode Pc11 is incorporated in the module M11. 
By this arrangement, the voltage osculation due to 
an inductance (L15 in Figs. 2A and 2B) caused by 
a current flowing through the clamping diode, so 
that it is possible to reduce the dielectric strength 
and improve the output current density of the 
IGBT. Also, the erroneous operation caused by a 
voltage noise can be reduced. A second modifica- 
tion is that a snubber diode Ds11 is incorporated in 
the module, or more specifically, the clamping di- 
ode Dc11 and the snubber diode Dsn are incor- 
porated in a single diode module Mpl 1 as shown 
in Fig. 3A, or the clamping diode Dc11 and the 
snubber diode Ds11 are incorporated in a module 
M11 as shown in Ftg. 3B. Because of this, the 
voltage noise generated by a current flowing 
through the snubber diode Dsn and a snubber 
capacitor Cs in switching can be more reduced, the 
devices can be achieved with low dielectric 
strength, a reduction of chip size due to the im- 
provement of the output current density can be 
achieved, and the three-level inverter device can 
be reduced in size by use of the module integ- 
ratedly including the devices. As a result, the width 
of the inventor for use in train can be reduced from 
3.32 to 1.6 m which is a half of the conventional 
device. Additionally, the noise reduction improves 
the reliability of the switching device, and the in- 
verter device does not suffer an erroneous switch- 
ing action even if the current change rate (di/dt) is 
increased, or the switching speed is increased, so 
that high-frequency switching operation can be 
achieved. Conventionally, the switching speed is 
controlled by limiting about 2 kHz, but the switch- 
ing operation can be achieved with over 5 kHz in 
accordance with the present Invention, By the high- 
frequency switching operation, the motor efficiency 
is improved, and the noise is reduced to 65 dB 
from the conventional level of 80 dB. 

Figs. 4A, 4B, 4C and 4D show a plan view, a 
sectional view, an external perspective view, and a 
circuit diagram of an example of a preferred mod- 
ule structure in embodying the present invention. In 
Fig. 4A, reference numeral 20 denotes a metal 
substrate of copper, for example, 11a and 11b 
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is 



20 



25 



30 



35 



50 



55 



denote two insulating plates separated each other 
and attached on the metal substrate 20, 12a, 13a, 
14a and 12b, 13b, 14b denote electrode plates 
attached respectively on the insulating plates 11a 
and 11b. The electrode plates 12a. 12b and 13a, 
13b are formed with U-like shape, and the leg 
portion of the electrode plates 12a and 1 2b are 
guided and placed between the leg portion of the 
electrode plates 13a and 13b. Strip-like electrodes 
plates 14a and 14b are guided and placed between 
the leg portion of the electrode plates 12a and 12b. 
One diode chip 32a and three IGBT chips 31a are 
mounted on each teg portion of the electrode 
plates 12a from the extreme end thereof in that 
order, while one diode chip 32b and three IGBT 
chips 31b are mounted on each leg potion of the 
electrode plates 12b from the extreme end thereof 
in that order. Each of the diode chips is connected 
to the electrode plates 13a. 13b and 14a. 14b by 
wire bonding (not shown). Reference numeral C1 
denotes a collector terminal attached on a connect- 
ing part of the electrode plate 12a at one end in the 
longitudinal direction of the module, E1 denotes an 
emitter terminal attached on a connecting part of 
the electrode plate 13b at the other end in the 
longitudinal direction of the module, N1 denotes a 
central terminal attached on a connecting part of 
the adjacent electrode plates 12b and 13a in the 
center of the module, G1 and G2 denote gate 
terminals attached on the side of the electrode 
plates 13a and 13b which are close to the elec- 
trode plates 14a and 14b as shown in Fig. 4B, Es1 
and Es2 denote emitter terminals for use in gate 
circuits attached on the part of the electrode plates 
13a and 13b which are opposite to the electrode 
plates 14a and 14b, and 21 denotes a resin case 
attached to the metal substrate 20 to cover the 
module. Each of the terminals is exposed on the 
outer surface of the resin case 21 as shown in Fig. 
4C. and each of the exposed portion is arranged on 
the surfaces partitioned by three protruding parts 
21a extended to a direction transverse to the lon- 
gitudinal direction of the resin case 21. It is noted 
that the gate terminals G1. G2 and the emitter 
terminals Esl, Es2 for the gate circuit are arranged 
on the same divided surface. This module ex- 
pressed as a circuit diagram is shown in Fig. 40. In 
the case that the inverter device in Fig. 1 is 
achieved by using the module, each of the arms of 
the inverter device can be replaced with the mod- 
ule. 

In the module arranged as described, the elec- 
trode plates 12b and 1 3a are connected directly on 
their top surfaces by the central terminal N1 as 
shown in Fig. 4B, so that the reactance of the 
wiring can be reduced up to several nH and the 
advantage describe referring to Fig. 1 can be 
achieved. 
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Figs. 5A, 5B and 5C show a plan view, an 
external perspective view and a circuit diagram 
showing a modification of the module structure 
presented in Figs. 4A. 48, 4C and 4D. The dif- 
ference from Fig. 4A is that two pieces of module 
shown in Fig. 4A are arranged in parallel. 

According to the module in the above struc- 
ture, it is possible to double the output capacity by 
connecting the same terminals located side by side 
without increasing the wiring inductance compared 
with a case where two modules are used. 

In the three-level inverter device shown In Rg. 
1, lifetime of the IGBTs instead of using the switch- 
ing devices S11, S14, S21, S24, S31, S34 located 
close to the d.c. terminals T1 and T2 is set shorter 
than that of the IGBTs instead of similarly using the 
switching devices S12, $13, S22, S23. S32 and 
S33 located close to the ax. terminals T4, T5 and 
T6. achieving low losses. Description will be given 
in the following. Figs. 8A and 6B show losses at 
output of each of the switching devices for one 
phase, formed by modules M11 and M12 of the 
three-level inverter device shown in Fig. 1. In this 
case, each of the switching devices and the diodes 
have almost the same lifetime and substantially the 
same electrical characteristics. It is noted that the 
switching loss of the switching devices S11 and 
S14 is greater than the loss caused by the on-state 
voltage as shown in Fig. 6A, the loss caused by the 
on-state voltage of the switching devices $12 and 
S13 is far greater than the switching loss as shown 
In Rg. 6B. This means that the switching devices 
Si 1 and $14 require to increase the switching 
speed by shortening the lifetime and decrease the 
switching loss. On the other hand, the switching 
devices $12 and $13 require to lengthen the life- 
time to thereby reduce on-state voltage and de- 
crease loss caused by the on-state voltage. In 
other words, in the three-level inverter device, it 
shows that the loss of each switching device is 
minimized and the loss of the module can be 
reduced by differing the lifetime even the switching 
devices in a module. Especially, the IGBT among 
the switching devices can be changed the lifetime 
more than one order of magnitude by electron 
beam irradiation, for example, which can freely and 
greatly change the switching loss and the loss by 
on-state voltage, therefore, the IGBT is suitable for 
use as a switching device of the three-level inverter 
device. The conventional power M0$ transistor as 
a unipolar device cannot vary the relation between 
the switching loss and loss by on-state voltage. In 
a gate turn-off thyristor or a bipolar transistor, if the 
lifetime is modified, the gate (base) current 
changes. In a high-speed switching device, a very 
large current is required. In the case of a three- 
level inverter device, twice as many switching de- 
vices as in the conventional two-level inverter de- 



vice are required. Therefore, an increase in the 
gate (base) current is not desirable because it 
leads to Increase in the size of the control circuit, 
resulting in size increase of the inverter device. In 

5 addition, this is accompanied by a complexity that 
different control circuits are used for individual 
switching circuits. In contrast, when IGBTs are 
used, it is possible to select IGBTs with lifetimes 
matching a characteristic operation of the three- 

io level inverter device, thereby reducing the power 
loss of the inverter device, and easily controlling 
the IGBTs with different electrical characteristics by 
the same control circuit. The power loss reduction 
by using different lifetimes for the IGBTs is possi- 

16 ble with a three-level inverter device for applica- 
tions having no regenerative mode. With a three- 
level inverter device for applications using a regen- 
erative mode, the effect of power loss reduction is 
decreased because the relation between switching 

20 loss and loss by on-state voltage as shown in Rgs. 
6A and 6B is reversed with a three-level inverter 
device for applications having a regenerative mode. 

In the three-level inverter device in Rg. 1, the 
reduction of power loss can be achieved by making 

2s longer the lifetime of the flywheel diodes 011 , D1 2, 
D13, D14, D21, D22, 023, D24, 031, D32, D33 and 
D34 than the lifetime of the clamping diodes Dc11, 
Dc12, Dc21. Dc22, Dc31 and Dc32. Rgs. 7A, 7B 
and 7C show a case in which diodes with substan- 

so tially the same lifetime and substantially the same 
electrical characteristics are used for the flywheel 
diodes and the clamping diodes. For the flywheel 
diodes 011, 014, 021, 024. D31 and 034 on the 
d.c. terminals side, the recovery loss and the loss 

36 by forward voltage are substantially equal and bal- 
anced (Fig. 7A). Meanwhile, in the three-level in- 
verter device, the recovery loss hardly occurs in 
the flywheel diodes 012, 013, 022. 023, 032 and 
033 on the a.c. terminal side Rg. 7B. Therefore, it 

40 is desirable to elongate the lifetime of the flywheel 
diodes to reduce the loss by the forward voltage. 
Furthermore, with the clamping diodes Dc11, 0c12, 
Dc21> Dc22, Oc31 and Dc32, the loss by forward 
voltage is greater than recovery loss Rg. 7C, and 

46 therefore, it is desirable for power loss reduction 
for the clamping diodes to have a longer lifetime 
than flywheel diodes 011 and D14, and a shorter 
lifetime than the flywheel diodes 012 and D13. In 
this way, by giving different lifetimes to the diodes, 

so the power loss in the diodes can be minimized. 

As has been described, in the three-level in- 
verter device, by setting different lifetimes for the 
IGBTs and diodes, the power loss in the whole 
inverter device can be reduced, with the result that 

55 the inverter device can be reduced in size. 

Rgs. 8 and 9 show structures of an IGBT 300 
and a diode 200 desirable for a three-level inverter 
device. The feature of the IGBT 300 in Rg. 8 is 
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that an n-layer 332, a p*-layer 331, a p-layer 334 
and an n*-layer 335 are all formed by diffusing 
impurities from the two principal surfaces into an 
n'type silicon wafer 333. The p* -layer 331 is ex- 
posed at one principal surface, while the n~-layer 
333, the p-layer 334 and the n*-layer 335 are 
exposed at the other principal surface. The p*- 
layer is in ohmic contact with a collector electrode 
311, the p-layer 334 and the n*-layer are in ohmic 
contact with an emitter electrode 312, and gate 
electrodes 310 are formed, through the inter- 
mediary of gate insulating layers 320, on the n~- 
layer 333, the p-layer 334 and n* -layer 335. The 
gate electrodes are separated from the emitter 
electrodes 312 by insulating layers 321. By forming 
alt the layers by diffusion of impurities as de- 
scribed, an IGBT can be produced with better 
quality of the n~-layer and with longer lifetime than 
in a conventional IGBT in which the n"-layer is 
formed by epitaxial growth. Particularly, in the 
IGBTs with a dielectric strength of 2000 volt or 
higher used on the vehicle at a trolley voltage of 
1500 volt or higher, an n~-layer with resistivity of 
about 150 to 200 Qcm is required, and if this layer 
is formed by epitaxial growth, many crystal defects 
are formed, which are conductive to short lifetime 
.with various lengths at that On the other hand, 
silicon wafers produced by the pulling method 
(Czochralski) have better crystal Unity and lifetime 
;which is unvaried and long. Therefore, by providing 
IGBTs with long lifetime, to begin with, and control- 
ling the lifetime with electron beam irradiation or 
the like, IGBTs with various lengths of lifetime 
suitable for a three-level inverter device can be 
manufactured easily. Above all, silicon wafers irra- 
diated with a neutron beam have a resistivity which 
is less varied, and the output current of a thus 
produced IGBT is stable. 

If the p*-layer is formed by impurity diffusion, 
the impurity concentration of the p* -layer can be 
made higher by about one order of magnitude than 
a p*-substrate wafer made by the pulling method 
used in the epitaxial growth system, and the p*- 
tayer can be formed with a thin thickness of about 
several 100 microns to about 10 microns. Thus, the 
injection efficiency of holes from the p*-layer can 
be improved. Also, the voltage drop in the p*-layer 
can be reduced, and the output current density of 
the IGBT can be improved, so that the size of the 
inverter device can be decreased. 

Fig. 9 shows a diode 200 made in the same 
manner as in the above case by forming all layers 
by diffusing impurities into an n~-layer silicon wafer 
232. Like in the multilayer structure in Fig. 8, the 
lifetime is controllable and a high output can be 
obtained, so that needless to say, the size reduc- 
tion of the three-level inverter device can be 
achieved. A cathode electrode 211 is in low-resis- 



tance contact with an n*-layer 231. An anode elec- 
trode 212 forms ohmic junctions with p*-layers 
233, and also forms Schottky junctions with pa- 
lavers 234. By using the Schottky junctions, the 

5 injection of holes from the p~-layer 234 to the n - - 
layer 232 is suppressed, thereby reducing the re- 
covery loss due to the stored carriers. On the other 
hand, in a conventional diode in which the whole 
surface of the anode diode is in ohmic contact with 

io the p* -layer, the output current density can be 
made higher than in the diode in Fig. 9, and when 
diodes of this type are used in a three-level in- 
verter device as the a.c.-terminal-side flywheel di- 
odes in which switching loss hardly occurs, a much 

75 greater loss reduction of the inverter device can be 
obtained. The diode in Fig. 9 in which the recovery 
loss is small is suitable for use as the clamping 
diodes Dcl1, Oc12 and the d.c.-terminal-side 
flywheel diodes 011, 014, and should preferably 

20 be used for D11 and D14. Furthermore, the diode 
in Fig. 9 exhibits a soft recovery characteristic, and 
having a small current change rate di/dt, this diode 
contributes to the reduction of voltage noise, and is 
effective in achieving the reduced voltage and the 

25 high reliability of the devices. 

Figs. 10, 11 and 12 are a plan view and sec- 
tional views of a minimum unit of semiconductor 
module used in a power converting device. In 
those figures, reference numeral 30 denotes a rec- 

30 tangular metal substrate formed by copper, for 
example, 31 denotes a first electrode layer in the 
form of U-iike mounted on the peripheral portion of 
the metal substrate 30 through the intermediary of 
an insulating layer 32a of alumina, for example, 33 

35 denotes a strip-shaped second electrode plate sub- 
stantially parallel with two sides of the first elec- 
trode plate 31 which are parallel in their longitudi- 
nal directions, 34 denotes buffer plates made of a 
metal material, such as molybdenum, with a ther- 

40 mai expansion coefficient close to that of a semi- 
conductor and mounted on the metal substrate 30 
and separated from the first electrode plate 31 and 
the second electrode plate 33 and surrounding the 
second electrode plate 33, 35 denotes rectangular 

45 IGBT chips in two rows, each row comprising three 
chips between the two parallel sides of the first 
electrode plate 31 and the second electrode plate 
33 above the buffer plates 34. and 36 denotes two 
rectangular diode chips disposed side by side at 

so two corners formed by the two parallel sides and 
the other side of the first electrode plate 31 above 
the buffer plate 34. Each IGBT chip 35 has a 
couple of principal surfaces, with a collector elec- 
trode 35C provided on one principal surface so as 

55 to face the buffer plate 34, and with emitter elec- 
trodes 35E and a gate electrode 35G provided on 
the other principal surface. The diode chip 36 has 
a couple of principal surfaces, with an anode elec- 
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trode 36A provided on one principal surface and a 
cathode electrode 36K provided on the other princi- 
pal surface so as to face the the buffer plate 34. 
Reference numerals 37, 38 and 39 denote bonding 
wires of aluminum, for example, which connect 
between the emitter electrodes 35E of IGBT chips 
35 and the first electrode plate 31, between the the 
gate electrode 35G of the IGBT chips 35 and the 
second electrode plate 33, and between the anode 
electrodes 36A of the diode chips 36 and the first 
electrode plate 31, 40 denotes a bonding layer 
such as solder, 41 denotes a first extension termi- 
nal extending from an open end side of the first 
electrode plate 31 of the metal substrate 30, 42 
denotes a second extension terminal extending 
from that part of the other side intermediate be- 
tween the two sides of the first electrode plate 31, 
which is electrically close to the diode chips 36, 
and 43 denotes a third extension terminal extend- 
ing from the second electrode plate 33. Those 
extension terminals may be formed as Integral 
parts of the electrodes, or they may be made 
separately and directly or indirectly bonded to the 
electrodes. 

Rg. 13A is an equivalent circuit of the semi- 
conductor module constructed as described. To be 
more specific, the circuit in Rg. 13A is configured 
such that two parallel circuits, each having three 
IGBT chips 35 and a diode chip 36 in parallel, are 
connected in parallel. LI, L2, L3 and L4 denotes 
wiring inductances of the first electrode plate 31 as 
shown in Rg. 13B. L1 denotes a wiring inductance 
from the second extension terminal 42 to the junc- 
tion points between the bonding wires 39 of a 
diode 36 and the first electrode plate 31, 12 de- 
notes a wiring inductance from the junction points 
between the bonding wires 39 of the diode chip 36 
and the first electrode plate 31 to the junction 
points between the bonding wires 37 of an IGBT 
chip 35 adjacent to the diode 36 and the first 
electrode plate 31. and L3 and L4 denote wiring 
inductances between the junction points of the 
bonding wires 37 of the IGBT chips 35 and the first 
electrode plate 31. The wiring inductance Lt is 
small because of the second extension terminal 41 
being close to the junction points of the bonding 
wires 39 of the diode chip 36 and the first elec- 
trode plate 31. For this reason, the current oscilla- 
tion is extremely small which occurs due to the 
wiring inductance L1 when the diodes turn off, so 
that the IGBTs are least liable to an incorrect turn- 
on, and the switching loss is reduced when the 
IGBTs turn off. Furthermore, because the wiring 
inductances (L1 + L2) in series are connected 
similarly to ail IGBT chips, differences among the 
wiring inductances L1 + L2, LI + L2 + L3 and L1 
+ L2 + L3 +L4 from the second extension termi- 
nal 42 to the respective IGBTs are reduced, so that 



the current nonuniformity between the IGBT chips 
35 is decreased. Also, since the size of the metal 
substrate 30 is large, there is hardly any difference 
in wiring inductance on the metal substrate 30 

5 among the IGBT chips, so that the nonuniformity in 
the current density among the IGBT chips is re- 
duced and the breakdown voltage is increased. 
This will bo described further showing concrete 
numerical values. Suppose that the wiring indue- 

to tance L1 + 12 is 50 nH, L3 is 15 nH. and 13 + L4 
is 30 nH. When the wiring inductance L1 + L2 
existing in series for all IGBTs is zero, the non- 
uniformity of the current density among the IGBTs 
is 45%. According to the present invention, how- 

15 ever, the nonuniformity of the current density is 
about 20% or less, which is a great reduction 
compared with the case where the inductance L1 
+ [2 is zero. Generally, if the diode chips are 
arranged remotely from the second extension ter- 

20 minal 21 and the wiring inductance L1 is about 100 
nH, it sometimes occurs that the oscillating voltage 
at the time of recovery is about 8% and the voltage 
value reaches 100 volt or higher, so that noise of 
about several tens of volt occurs at the gate eleo 

25 trodes. giving rise to malfunctioning of the switch- 
ing devices. In contrast, with the module structure 
according to the present invention, when the wiring 
inductance L1 is about 10 nH, the oscillating volt- 
age value at the time of recovery is reduced sharp- 
so ly to about 10% or below. 

To further reduce the differences among the 
wiring inductances among the IGBT chips, it Is 
effective to decrease the inductances L3 and L4. 
For example, in the layout of Fig. 13B, the induc- 

35 tance L4 can be reduced by placing the junction 
points of the first electrode plate 31 and the bond- 
ing wires of the remotest IGBT chip from the 
second extension terminal 42 as close to the sec- 
ond extension terminal 42 as possible. In addition, 

40 the inductance L3 is reduced significantly and the 
inductance L2 is increased by forming a structure 
that the junction points of the first electrode plate 
31 and the bonding wires of the closest IGBT chip 
to the second extension terminal 42 are placed as 

45 close as possible to the junction points of the first 
electrode plate 31 and the bonding wires of the 
remotest IGBT chip from the second extension 
terminal 42. By this arrangement, the differences in 
the wiring inductance among the IGBT chips are 

so more decreased, and the nonuniformity in the cur- 
rent density among the IGBT chips is further re- 
duced. To further reduce the differences in the 
wiring inductance of the diodes, it is necessary to 
decrease the inductance LI. To this end. in the 

55 layout of Rg. 13B, for example, it is effective to 
form an module structure such that the junction 
points of the bonding wires of the diode chips and 
the first electrode plate 31 are brought as close to 
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the second extension terminal 42 as possible. 

Moreover, because of the arrangement the six 
small IGBT chips 35 and two small diode chips 36 
are disposed separately on the metal substrate 30, 
the heating-generating parts are dispersed in the 
module and the module temperature is maintained 
uniform. Therefore, the local temperature rises in 
the metal substrate 30 are eliminated, and the 
shortening of the service life of the bonding layer 
and the bonding wires can be avoided which re- 
sults from thermal stress. 

By arranging the IGBT chips 35 and the diode 
chips 36 between the first electrode plate 31 and 
the second electrode plate 33, the length of the 
electrode from the second extension terminal 42 or 
the third extension terminal 43 to the bonded 
points of the bonding wires is made short so that 
the wiring inductances leading to the gate elec- 
trodes 35G and the emitter electrodes 35E of the 
IGBT chips can be decreased. By this arrange- 
ment, a steep-rising voltage of the IGBT chips can 
be reduced, so that their dielectric strength and the 
on-stage voltage can be decreased. 

Additionally, owing to the arrangement that the 
first extension terminal 41 and the second exten- 
sion terminal 42 are placed at the opposed sides in 
- the longitudinal direction of the meta! substrate 30. 
^ it is easy to elongate the the creeping distance 
< over the external surface of the module between 
-the terminals, and the Increased dielectric strength 
of the module can be obtained. 

Furthermore, the chips, electrodes and termi- 
nals are arranged substantially in symmetric form 
with respect to the central axis connecting between 
the second extension terminal 42 leading to the 
emitter electrodes and the first extension terminal 
41 leading to the collector electrodes. Owing to this 
structure, the wiring length from the terminals to 
the respective IGBT chips is substantially equal, so 
that all wiring inductances including the wiring In- 
ductances leading to the emitter electrodes, the 
wiring inductances leading to the collector elec- 
trodes, the wiring inductances leading to the gate 
electrodes, are equal with respect to the individual 
chips, so that the nonuniformity of current among 
the chips can be eliminated. Therefore, the in- 
creased dielectric strength of the IGBT chips can 
be achieved easily and the heat distribution of the 
module can be made uniform. 

The other advantages according to the present 
invention are: 

(1) Since there are more than two bonding 
wires connecting each gate electrode and the sec- 
ond electrode plate 33. even if one wire is discon- 
nected, there still remain another wire intact, so 
that the gate potential is prevented from assuming 
a floating state, and the dielectric strength is se- 
cured for a long service life. (2) Being small in size, 



the chips can be manufactured with a high yield. 
(3) The emitter electrodes on which many bonding 
wires are connected have a wide area, and the 
chips are placed between the first electrode plate 

6 31 and the second electrode plate 33, so that wire 
bonding work can be performed easily. (4) The 
chips 35 and 36 are attached to the metal substrate 
30 through the intermediary of buffer plates without 
interposition of insulating layers, and therefore, the 

to thermal fatigue of the bonding layers can be re- 
duced. 

With regard to the embodiments shown in Figs. 
10, 11 and 12, description has been made of a 
case in which six IGBT chips and two diodes are 

75 used. Needless to say. the present invention can 
be applied to modules having many more chips 
connected in parallel and the same effects as de- 
scribed can be expected. 

Fig. 14 shows the way in which the semicon- 

20 ductor module shown in Figs. 10, 11 and 12 is 
used. In Fig. 14, reference numeral 100 denotes a 
support substrate on which the first electrode plate 
is mounted through the intermediary of an insulat- 
ing layer, 102 denotes a bonding layer, 103 de- 

25 notes an insulating cap forming a container to 
accommodate a semiconductor module jointly with 
the support substrate 100. and 104 denotes an 
insulating resin filled in the container. The semicon- 
ductor module according to the present invention is 

30 normally used in this state. 

Fig. 15 shows another embodiment of the 
semiconductor module according to the present 
invention. The structural feature of this embodiment 
is that two strip-shaped first electrode plates are 

35 disposed at the opposed sides parallel with the 
longitudinal direction of the metal substrate 30, two 
rows of chips, each row comprising four IGBT 
chips 35 and one diode chip 36 in the middle of 
the row, are provided along the respective first 

40 electrode plates 31, a strip-shaped second elec- 
trode plate 33 located between the two rows of 
chips, and two second extension terminals at the 
positions of the two first electrode plates 31 which 
are close to the diode chips 36. An equivalent 

45 circuit of the semiconductor module structured as 
described is shown in Rg. 16. Compared with the 
circuit in Figs. 13A and 13B, there is no wiring 
inductance L4, and therefore, the differences be- 
tween the wiring inductances L11 + L12 and L11 

so + L12 + L13 from the second extension terminal 
42 to the respective IGBT chips are further re- 
duced, so that the current nonuniformity among the 
IGBT chips is more decreased. Li 1 denotes the 
wiring inductance of the second extension terminal 

55 42. 112 denotes the wiring inductance of the first 
electrode plate 31 between two sets of junction 
points, one set of junction points being between the 
first electrode plate 31 and the bonding wires con- 
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netting the anode electrode of a diode chip 36 with 
the second electrode plate 33, and the other set of 
junction points being between the first electrode 
plate 31 and the emitter electrodes of the IGBT 
chip 35 adjacent to the diode chip 36, LI 3 denotes 
the wiring inductance of the first electrode plate 31 
between two sets of junction points, one set of 
junction points being between the first electrode 
plate 31 and the bonding wires connecting the first 
electrode plate 31 with the emitter electrodes of the 
IGBT chip 35 adjacent to the diode chip 36, and 
the other set of junction points being between the 
first electrode plate 31 and the bonding wires con- 
necting the first electrode plate 31 with the emitter 
electrodes of the IGBT chip 35 adjacent to the 
diode chip 36. 

Fig. 17 shows yet another embodiment of the 
semiconductor module according to the present 
invention. The structural feature of this embodiment 
is that three IGBT chips 35 and one diode chip 36 
are arranged in two rows of two chips, the first 
electrode plate 31 is disposed to extend from the 
diode chip 36 to the IGBT chips 35 and surround at 
least three sides of the chips and the second 
electrode plate 33 is placed between the chips so 
as to be adjacent to the chips. Even in this struc- 
ture, the wiring inductance from the second exten- 
sion terminal 42 to that part where the bonding 
wires of the diode chip are connected to the first 
electrode plate 31 is minimum, and this wiring 
inductance is in series with all IGBT chips, so that 
the current nonunifbrmity among the IGBT chips is 
reduced, with the result that noise is less likely to 
occur and the switching loss is reduced. This em- 
bodiment offers an effect that the substantially 
square shape of the metal substrate makes it 
easier to obtain the uniformity of the bonding layer 
thickness than in the rectangular metal substrate in 
other embodiments. 

Fig. 18 shows another embodiment of the 
semiconductor module according to the present 
invention. The feature of this structure lies in that 
the first electrode plate 31 and the second elec- 
trode plate 33 are arranged in the center, and two 
rows of chips, each row comprising three IGBT 
chips 35 and one diode chip 36, are disposed on 
the opposite sides of the module. The other struc- 
tural detail does not differ from the embodiments 
shown in Figs. 10, 11 and 12, and therefore, the 
non-uniformity of current among the IGBT chips is 
reduced, thereby leaving less chances for noise to 
occur and reducing the switching loss. 

The present invention is not limited to the 
embodiments described above. 

According to the present invention, the voltage 
noise in a three-level inverter device as shown in 
Fig. 19 can be reduced, which makes it possible to 
reduce the dielectric strength of the switching de- 



vices and the diodes, as a result the output of the 
devices can be increased, and the down-sizing of 
the devices and the inverter device can be at- 
tained. Furthermore, by varying the lifetimes of the 

5 IGBTs as the switching devices and the diodes 
according to the operation of the three-level in- 
verter device, it is possible to reduce the toss of 
the IGBT module, decrease the size of the cooling 
device, and decrease the whole size of the inverter 

10 device. Moreover, because the voltage noise due 
to a current change is reduced, the switching de- 
vices have high reliability, a high-frequency switch- 
ing operation can be achieved, and noise can be 
reduced. In addition, since the second extension 

?5 terminal is provided near the diode chip, the wiring 
inductance of the first electrode layer in the vicinity 
of the diode chip is connected in series with a 
plurality of IGBT chips, the differences of wiring 
inductance among the IGBT chips is lessened, so 

so that the nonuniformity of current among the chips 
can be reduced. By this structure, the wiring induc- 
tance L in the vicinity of the diode chip can be 
minimized. Therefore, even when the current 
change di/dt at the time of switching is large, a 

25 current overshoot is small, a noise current to the 
gate electrodes by current oscillation is reduced, 
and an increase in power consumption can be 
avoided. Other effects provided by the present 
invention are that the large chip area of the IGBT 

30 module enables a large-current switching, owing to 
the separate and wide distribution of the heat- 
generating parts and the reduced and fairly uniform 
wiring inductances, the current density and the 
exothermic density are made uniform, the dielectric 

35 strength is high, the fatigue life of the solder and 
wires is long, and the module size is small. 

Claims 

40 1. An inverter device comprising: 

a pair of d.c, terminals (T1, T2); 

a node (T3) at a potential intermediate 

between the potentials of said pair of d.c. 

terminals; 

45 a.c. terminals (T4, T5. T6) as many as the 

number of phases; 

a plurality of arms (Mil, M12, M21. M22, 
M31, M32) each connected between the d.c. 
terminal and the ax. terminal, comprising two 

so parallel circuits in series, each parallel circuit 
including a switching device ($11, S12) and a 
diode (D11, D12) opposite in polarity to said 
switching device; and 

a plurality of diodes (Dc11, Dc12) each 

55 connected between a node of the two parallel 
circuits of the arm and, said node (T3) at a 
potential intermediate between the potentials of 
said pair of d.c. terminals <T1, T2), 
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wherein each of said arms (M11, M12, 
M21. M22. M31. M32) Is formed by a single 
module. 

Z An inverter device used to drive a vehicle on a 
trolley voltage of at least 1500 volt, comprising: 

a pair of d.c. terminals (T1 t T2); 

a node (T3) at an intermediate potential 
between the potentials of said pair of d.c. 
terminals; 

a.c. terminals (T4, T5, T6) as many as the 
number of phases; 

a plurality of arms (M11, M12, M21, M22. 
M31, M32) each connected between the d.c. 
terminal and the a.c. terminal, comprising two 
parallel circuitsin series, each parallel circuit 
including an insulated gate bipolar transistor 
and a diode (D1 1, D12) opposite in conducting 
direction to said insulated gate bipolar transis- 
tor, each of the parallel circuits connected be- 
tween the d.c. terminal and the a.c. terminal; 
and 

a plurality of diodes (Dc11, Dc12) each 
connected between a node (T3) of said two 
parallel circuits of the arm and, said node (T3) 
at a potential intermediate between the poten- 
tials of said pair of d.c. terminals. 

3. An inverter device comprising: 

&- a pair of d.c. terminals (T1 , 12); 

a node (T3) at a potential intermediate 
between the potentials of said pair of d.c. 
terminals; 

a.c. terminals (T4, T5, T6) as many as the 
number of phases; 

a plurality of arms (M11, M12, M21, M22, 
M31, M32) each connected between the d.c. 
terminal and the a.c. terminal, comprising two 
parallel circuits in series, each parallel circuit 
including a switching device (S11, S12) and a 
diode (011, D12) opposite in polarity to said 
switching device; and 

a plurality of diodes (Dc11, Dc12) each 
connected between a node of the two parallel 
circuits of the arm and. said node (T3) at a 
potential intermediate between the potentials of 
said pair of d.c. terminals (T1 , T2), 

wherein a lifetime of the switching device 
(S11, S14) close to the d.c. terminal and at 
least one of the devices forming the parallel 
circuit having the diode (011, 014) opposite in 
polarity to the device is different from that of 
device forming the parallel circuit (S12. 012. 
S13. 013) close to the a.c. terminal. 

4. An inverter device comprising: 

a pair of d.c. terminals (T1. T2); 

a node (T3) at a potential intermediate 



between the potentials of said pair of d.c. 
terminals; 

a.c. terminals (T4, T5, T6) as many as the 
number of phases; 

5 a plurality of arms (M11, M12, M21, M22, 

M31, M32) each connected between the d.c. 
terminal and the ax. terminal, comprising two 
parallel circuits in series, each parallel circuit 
including an insulated gate bipolar transistor 

to and a diode (011, 012) opposite in polarity to 
said insulated gate bipolar transistor; and 

a plurality of diodes (Dell, Oc12) each 
connected between a node of the two parallel 
circuits of the arm and, said node (T3) at a 

75 potential intermediate between the potentials of 
said pair of d.c. terminals (T1 , T2), 

wherein one of the insulated gate bipolar 
transistors and diode of the parallel circuit of 
each arm is formed on a semiconductor sub- 

20 strate (20) produced by Czochralski method. 

5. A semiconductor module comprising: 
a metal substrate (30); 
a plurality of switching device chips (35) 

25 each having a pair of principal surfaces, one 
main electrode (35C) being disposed on one 
principal surface and the other main electrode 
(35E) and a control electrode (35G) being dis- 
posed on the other principal surface, and dis- 

30 posed on said metal substrate (30) through a 
buffer plate (34) having a thermal expansion 
coefficient close to that of a semiconductor by 
opposing the one principal surface to said 
metal substrate; 

35 at least a diode chip (36) having a pair of 

principal surfaces, one main electrode (36A) 
being disposed on one principal surface and 
the other main electrode (36K) being disposed 
on the other principal surface, and disposed on 

40 said metal substrate (30) through a buffer plate 

(34) having a thermal expansion coefficient 
close to that of a semiconductor; 

a first electrode plate (31) disposed on 
said metal substrate (30) through an insulating 
45 plate (32A), and extending along all switching 
device chips and diode chips; 

a second electrode plate (33) disposed on 
said metal substrate (30) through an insulating 
plate, separated from the first electrode plate, 
so and extending along all switching device chips 

(35) ; 

first connecting conductors connecting the 
other main electrode of said switching device 
chip (35) and diode chip (36) with the first 
55 electrode plate (31); 

second connecting conductor connecting 
the control electrode (35G) of said switching 
device chip (35) with the second electrode 
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plate (33); 

a first extension terminal (41) disposed on 
said metal substrate (30) and extending in a 
direction substantially of right angle from said 
metal substrate; s 

a second extension terminal (42) extending 
in a direction substantially of right angle from 
said first electrode plate (31) disposed on a 
portion dose to the diode chip (36) on said 
first electrode plate; and jo 

a third extension terminal (43) extending in 
a direction substantially of right angle from 
said metal substrate (30) disposed on said 
second electrode plate (33). 

J5 
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